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[57] ABSTRACT 

A method of mapping implanted ion dose uniformity is 
disclosed in which wafers of polysilicon-on-silicon or 
polysilicon-on-oxidized-silicon are implanted with the 
ion dose to be mapped and then scanned in a spectro- 
photmeter using monochromatic radiation. An interfer- 
ence spectral technique is used to achieve improved 
sensitivity while preserving thermal and electrical prop- 
erties close to those of actual devices. 

6 Claims, 8 Drawing Sheets 
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ification progresses are accompanied by the invention 
METHOD OF MAPPING ION IMPLANT DOSE according to which, briefly stated, a method for mea- 
UNIFORMITY surement is disclosed in which implantation causes a 
ptft n of thp TMVPisrrTOM * wavelength shift in the interference spectrum of trans- 
HELD OF THE INVENTION 5 mitted or re fl ec ted radiation from thin Film/substrate 
This invention pertains to a method of mapping the combinations (e.g., epitaxial silicon-on-sapphire and 
uniformity of the dose of charged ions implanted in polysilicon-on-quartz.) By sensing the optimum wave- 
semiconductor wafers. length, one can detect changes in transmitted (or re- 
BACKGROUND OF THE INVENTION 10 flccted ) ^ x which correlate with implant dose. For 

o » - . . " . . . some wavelengths, increased dose could actually in- 

Because doping of materials by ion beam implanta- ^ , . , „ ' . 

•« • . • * S 2 • c i ."^ ^"^^ crease the measured transmission due to thin fdm-sub- 

tion is unique m utilizing fine scale electrostatic pro- «, ^ , . . . „ , 

cesses, as distinct from large scale diffusion or thermo- " rate optlca ! mterferen ^ e effe f l ts - Unhke work * 

chemical processes, the problem of monitoring implan- ^ approach is especially well suited to the low-dose 

tation uniformities is complex and demanding. The im- 15 range (<10 14 cm 2 ). Furthermore, the method of this 

portance of the spatial structure of the dose, as affected invention uses inexpensive polysilicon films and quartz 

by the spatial position and lateral profile of the beam, substrates which are available in large-diameter (8-inch) 

for accurate yield verification and characterization is wafers, unlike sapphire. Also, the method of this inven- 

unquestionable. VLSI process engineers concerned tion is applicable to polysilicon-on-oxidized-Si sub- 
with yield must certainly concern themselves with fine 20 strates. The latter choice of materials avoids the use of 

scale dose nonuniformities, because of the fine dimen- quartz substrates and preserves the basic thermal and 

sons and narrow dose tolerances of the devices being electrical properties of actual silicon device wafers, 

fabneated Crystol beam scanners of varying soprnstica- These and further constructional and operational 

tion offer hope for some of the most severe problems ^^^^^ ■ _ + < „ « y TT " 

encountered, but they cannot be designed io insure 25 J« actenst^s of the invention will be more evident 

against their own failures and must be periodically mon- fr ° m the d *f* desenphon given hereinafter with 

itored in the production environment * reference to the figures of the accompanying drawings 

Other crude monitoring systems of the prior art in- alternatives by way of non-limiting examples, 

elude Faraday cups and some raaoation-sensitive foil BRIEF DESCRIPTION OF THE DRAWINGS 
such as Mylar. Both methods have serious drawbacks. 30 

Faraday cups have a very limited spatial resolution, and FIG. 1 is a schematic diagram showing the ampli- 

it is usually impossible to obtain reliable information on tudes of light for an absorbing thin film in the case of 

the lateral extension of the ion beam. Radiation sensitive multiple interference at normal incidence, 

hydrocarbon foils lead to outgassing and contamination FIG. 2 is a plot of Eqn. 3 for wavelengths between 

of the target chamber. They cannot be used in high 35 200 run and 5000 nra. 

current systems as thermal decomposition will destroy FIG. 3 is an expanded view of the plot shown in FIG. 

the foils. 2 for the wavelengths 300 nm to 800 nm. 

At the lower limits of dose and energy typical beam FIG. 4 is a measured transmission spectrum of an 

^?rJ^H^ a h W ^ 1 hmete " or . less ' WW**- unimplanted silicon-on-sapphire (SOS) wafer, 

ing the akeady difficult problems of design of uniform 40 pi £ 5 . measured \Lsmission spectrum of an 

scan systems. Therefore, high resolution measurement c/ |c r ■ i ^ZT x lTT« JinE 

techniques free from other process steps must be used. SO ? 2 wafer ^ l0 °- keV 5 * 1010 

Optical dosimetry has the unique capability of resolving cm ' . 

these structural dose non-uniformity patterns in a sim- FIG * 6 * a measured transmission spectrum of an 

ple-to-use real-time measurement. 45 sos wafer implanted with 100-keV As+at 5X10 11 

The best prior art techniques used the darkening (i.e., cm- 2 , 

reduced transmission to visible light) of an epitaxial FIG, 7 is a measured transmission spectrum of an 

silicon-on-sapphire film after ion implantation to mea- SOS wafer implanted with 100-keV As+at 1x10 13 

sure implanted dose. Using this technique, the minimum cm -2 . 

doses one could measure were quite high, >5x 10 12 50 FIG. 8 is a measured transmission spectrum of an 

cm- 2 . SOS wafer that has been implanted with 100-keV 

OBJECTS OF THE INVENTION As+at 1 X 1013 cm ~ 2 ra P idl y ^aled at 1050* C. 

for 30 seconds. 

An object of the mvention is to provide a method of FIG. 9 is a measured transmission spectrum of an 

mapping ion implant dose uniformity in semiconductor 55 unimplanted polysilicon-on-quartz (POQ) wafer. 

W A^nrtu* «k;<~* ~r : ^ • . . v FIG- 10 is the measured transmission spectrum of a 

A further object of the mvention is to make such a pm wotIM . :^«i OT ,*^ , - tV , innuv aI-i.— cw mio 

method usable in wafer processing machines for large- P °S 2 wth 10 °- keV As+at 5X 1010 

diameter wafers. cm ' 

Another object ofthe invention is to limit the method 60 11 43 measured transmission spectrum of a 

to commonly available low-cost materials. P0C * water m P lanted w** 1 100-keV As+at 1x10" 

Still another object of the invention is to preserve the cm ~* FIG * 12 * the measured transmission spectrum 

basic electrical and thermal properties of actual silicon of a P0 Q water implanted with 100-keV As+at 1 x 10^ 

device wafers in the method. cm- 2 . 

ctt**w * t» v -rrrr, ^™ r^,^™, 65 FIG- 13 is a schematic illustration showing how the 

SUMMARY OF THE INVENTION transmission curve shifts with increasing implant dose. 

These objects of the invention and other objects, FIG. 14 is a block diagram of the apparatus used in 

features and advantages to become apparent as the spec- the method of the invention. 
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GLOSSARY 

The following is a glossary of terms, elements, and 
structural members as referenced and employed in the 
present invention. 



respectively. These amplitudes are determined by the 
indices of refraction of silicon, substrate, and air (n= 1). 
Namely, 
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moEOchromator 


14 


primary detector 


16,18 


lenses 


20.22 


irises 


24 


IR filter 


26 


partially-transmitting mirror 


28 


light chopper 


30 


driver 


32 


tungsten lamp 


34 


stabilized power supply 


36 


reference detector 


38 


lens 


40,42 


preamplifiers 


44 


lock-in amplifier 


46 


computer 


48 


monitor 
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disc-drive 


52 


printer 


54 


motorized translation stage 
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n ca [nsi - l]/[nsi + 1J; 

n - [ns - nsubVinSi + final; 

II - 2/[n S +l]; 

tz = 2nsi/[nsi + nnb] 



(2) 



15 



20 



If we assume that k< <n (which is valid for silicon at 
wavelengths greater than 400 am), then ri, 12, U, and h 
are real. With that approximation, the transmission co- 
efficient is 



<3) 



l - {2nae*p[-«flcos[2fi]} + n 2 a 2 «p[-2aJ] 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 



25 



Measuring the transmission of the broad-band, visible 
light through an ion-implanted silicon-on-sapphire 
(SOS) wafer has been proposed in the prior art as an 30 
implant dosimetry technique, since it has been found 
that the implanted ions damage the crystal structure of 
the epitaxial silicon film and change its optical absorp- 
tion coefficient, making it darken with increasing dose. 
(See: Golin et al, Solid State Technology 28, 155, June 35 
1985; Badalec et al, Institute of Physics Conference Series, 
No. 54, Chap. 3, pp. 91-94). However, the exact rela- 
tionship between implanted dose and transmission spec- 
trum was virtually unexplored. This is particularly true 
at low doses (< 10" cm *), where more sensitive do- 40 
simetry techniques needed to be developed. By carrying 
out a detailed theoretical and experimental analysis of 
the transmission spectrum of implanted thin film/sub- 
strate combinations and taking advantage of optical 
interference effects, a far more sensitive technique for 45 
dose mapping has been developed. 

The transmission coefficient at wavelength \ of a thin 
silicon film on a transparent substrate in air can be cal- 
culated using standard optical theory. (See: Kuhl et al, 
J. Electrochenu Soz, 121, 1496, 1974.) Multiple reflec- 50 
tions take place at the front and back surfaces of the 
film, and the amplitude of the light at each reflection or 
transmission is shown in FIG. 1. The film has thickness 
d and index of refraction n$/. The substrate is semi-infi- 
nite and has index of refraction n^. If we apply the 55 
method of summation, we find that the complex trans- 
mitted amplitude for normal incidence is given by: 



We have also assumed that the transmission of the 
substrate (sapphire or quartz) is a constant independent 
of wavelength. This is very nearly true for X>400 nm 
and can be taken into account by multiplying the ex- 
pression in Eqn. 3 by an appropriate constant less than 
unity. 

Eqn. 3 predicts that the transmission will oscillate as 
the wavelength is varied. Maxima will occur when 8=/ 
tr where j is an integer; that is, at wavelengths 



\}=2dn/j, where j = 1, 2, 3 . 



(4). 



/ = t\t2?xp[-(ad/2) - id] - annr2"p[-(3o<//2) - 3/81 + 
= /ii2exp[-(cu//2) - i8]/0 — nraexpf-cuf - 2/8]} 



(1) 



60 



where a is the absorption coefficient of the silicon 
(<x=4£kA) and 6=2{hs;rfAis the phase change that 65 
occurs on one traversal of the silicon layer. Here, t\ and 
1*2 (t 1 and t2) are the amplitude reflectivities (trans missiv- 
ities) of the silicon-air and silicon-substrate interfaces, 



Similarly, minima will occur at wavelengths 
\k=2dn/k, where &&s/— |, or 
X*=2d/i/(/-l), where j=l, 2, 3, ... (5). 

A plot of Eqn. 3 for wavelengths between 200 nm and 
5000 nm is presented in FIG. 2. A film thickness of 600 
nm was used for calculation, and values for n(X) and 
a(X) for crystalline silicon were taken from Aspnes et al 
and Eden. (See: Aspnes et al, Phys. Rev. 9 B27, 985 
(1983); R.C. Eden, PkD. Thesis, Department of Elec- 
trical Engineering, Stanford University, 1967.) In addi- 
tion, the entire curve has been multiplied by a scale 
factor so that it can be more easily compared with ex- 
perimental silicon-on-sapphire transmission spectra to 
be presented later. The oscillations are very clear and 
sharp and become denser (more closely spaced) for 
shorter wavelengths. An expanded view of the theoreti- 
cal spectrum from 300 nm to 800 nm is given in FIG. 3. 
This region of wavelengths is the one that is available 
with common UV/visible spectrophotometers and thus 
could easily be studied. Two interesting features of this 
short-wavelength curve are that at least six oscillations 
can easily be discerned, and that the amplitudes of the. 
two envelopes of the curve increase as Wavelength 
increases. 

When ions are implanted into silicon, they damage 
the crystalline lattice structure. This damage, in turn, 
changes the index of refraction, n, and the absorption 
coefficient a (or extinction coefficient K=aX/[47r]) of 
the silicon. For a sificon-on-sapphire or a polysilicon- 
on-quartz wafer, this will show up as a change in the 
transmission spectrum. The wavelengths of maximum 
and minimum transmission, Kj and X*, will be altered. In 
addition, the amplitudes of the two envelopes of the 
curve will change. Since the lattice damage increases as 
the implanted ion dose is increased for a given ion en- 
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ergy and ion species, the shifts in and \* and the 1X10 10 cm- 2 would be discernible in that low-dose 
changes in the transmission envelopes will be mono- range. 

tonic functions of the implant dose. These facts form the taut P tt 

basis of these transmission studies. 1 ABLfc, 11 

The following transmission spectra were taken using 5 
a Beckman spectrophotometer. The instrument has 
both visible and ultraviolet sources and detectors, so it 
can measure transmission at wavelengths ranging from 
190 to 800 nm. The reference spectrum to which the 
spectra of all measured samples are compared is that of 1° 
air (no wafer in the spectrometer). 

FIG. 4 is a transmission spectrum of an unimplanted 
silicon-on-sapphire wafer. The epitaxial silicon layer 
(measured by a Dektak profilometer) is 600 nm thick. 
This spectrum is seen to be nearly identical to the theo- 15 A nice feature of this dosimetry technique is that 
retical one plotted in FIG. 3. For both, the transmission annealing an Implanted silicon-on-sapphire wafer re- 
is zero for wavelengths below 400 nm, where the ab- moves the damage to the epitaxial silicon and returns its 
sorption coefficient of crystalline silicon is very large transmission spectrum to that of an unimplanted wafer. 
OHPcm-i). As Table I indicates, the observed max- The spectrum of a wafer that had been heavily im- 
miaandinuimiaofmeoscmationsoccurattheoreticaUy m planted with a dose of As+at lXlO" cm- 2 and then 
predicted wavelengths. These similarities give us confi- rapid ] v annealed in a rapid thermal processor at a tem- 
dence m the theoretical model for the transmission spec- perature of 1050° C. for 30 seconds is presented in FIG. 
trum (Eqn. 3). %.Thh curve is identical to the one of FIG, 4, taken 

TABLE I 25 with an unimplanted silicon-on-sapphire wafer. This 

Theoretical and experimental values of means that the relatively expensive silicon-on-sapphire 

Xy for an unimplanted sUicon-on-sapphire wafers can be recycled by annealing them after each 

w^SE: _ — . implant and transmission measurement, making the 

overall cost of the dose-monitoring technique more 
30 reasonable. On the other hand, it is difficult to obtain 
large silicon-on-sapphire wafers (6-8 inch diameter) 
needed to characterize the next generation implanters. 
Also, the effect on the transmission curve of the increas- 
ing concentration of electrically activated dopants in 
35 the recycled silicon-on-sapphire wafer needs to be de- 
termined. 

Polysilicon-on-quartz wafers as an alternative to sili- 
con-on-sapphire wafers have also been examined. 
Quartz (Si02) wafers are much cheaper than sapphire 
The transmission spectra for wavelengths between 40 (AlaQa) ones and can be readily obtained in large diame- 
300 nm and 800 nm of three implanted silicon-on-sap- ters comparable to commercial silicon substrates (4-8 
phire wafers are presented in FIGS. 5-7, All of the inches). In addition, LPCVD deposition of a polysilicon 
wafers were implanted with 100-keV As+ions. Both the ^ considerably easier than growth of an epitaxial 
implant dopant profile and damage are confined to a 45 ^ con la y er - However, while it may be possible to 
region at the surface of < 100 nm, which is much less recycle polysihcon-on-quartz wafers by annealing 
than the 600 nm film thickness. The dose for the wafer tnem » * ne polysilicon grain size and size distribution 
of FIG. 5 was 5.0x 10*0 cm- 2 the dose for that of FIG. ^ 06 altered. In this case, one would need to etch the 
6 was 5.0X 10 11 cm- 2 , and the dose for that of FIG. 7 polysilicon away and deposit a new film, 
was 1.0X10 13 cm 31 2 One can see that as the dose in- jq transm * ss * on spectrum of an unimplanted 

creases, the wavelength \j at which the j-th maximum polysilicon-on-quartz wafer is shown in FIG. 9. The 
or minimum occurs shifts to longer wavelengths. In polysilicon film is 550 nm thick. As for the silicon-on- 
addition, the two envelopes of the spectrum move to sapphire wafers, the transmission is seen to oscillate as a 
lower transmission values as the dose increases. The function of wavelength; however, the polysilicon-on- 
wavelengths at which the j=7 and j=8 maxima occur 55 quartz oscillations are spread out more. Also, the abso- 
as a function of dose are listed in Table II. The 5 X 10 10 lute transmission values for the polysilicon-on-quartz 
cm~ 2 and 1 X 1011 cm- 2 dose implants are seen to pro- wafers are much larger than those for the silicon-on- 
duce nearly identical transmission spectra in the range sapphire wafers. This is because the quartz wafer was 
shown (300-800 nm). This is not surprising, since the polished on both sides while the sapphire wafer used in 
uncertainty in the determination of \j using the Beck- 60 ^ese studies was frosted on one side, scattering much of 
man spectrophotometer was 2 nm. However, doses the transmitted light away from the detector. Theorcti- 
above 5x 10 11 cm- 2 can be determined to better than cal estimates of the wavelengths at which oscillation 
10%. In order to have a similar sensitivity for doses as maxima occur can be made by using the graph of refrac- 
low as 5 x 10 10 cm~ 2 , one needs to look at the shift of a dve index versus wavelength for polysilicon found in 
maximum that occurs in the infrared with an instrument 65 Kuhl et al. These theoretical predictions are compared 
that still has a resolution of 2 nm. The j = 3 maxima for in Table III with the experimental results for three 
doses of 5x 10^ cm- 2 and lx 10 1 * cm- 2 should be maxima. Again, the good agreement demonstrates that 
separated by about 10 nm so that changes in dose of we understand the phenomenon being observed. 
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TABLE III wafer ***** insexted m ^ ion ^planter a* d a patter 

" A " of implantation is generated. Test patterns could include 

uniform bands of implanted ions across the wafer from 
edge-to-edge which would test uniformity from center- 
5 to-edge and oscillatory non-uniformaties caused by 
lock-up of the control electronics. The test wafer is then 
removed from the implanter and loaded into a transmis- 
sion spectrophotometer operating at a harrow wave- 
length band for measurement of implanted dose. The 
10 detector of the spectrophotometer measures the amount 
The transmission spectra of three implanted polysili- 0 f light transmitted through the wafer at many points 
con-on-quarts wafers are presented in FIGS. 10-12. The around the wafer (typically about 100) and the amount 
wafers were implanted with 100-keV AS + ions at dose 0 f light without the wafer. The ratio of the two quanti- 
of 3x 10 10 cm- 2 , 1 X 10 11 cm- 2 , and 1 X 10* 2 cm- 2 . ties is the transmission coefficient for a given point on 
Qualitative changes to the spectra that occur as the dose 15 the wafer. The transmission coefficient is then con- 
increases are the same as those mentioned earlier for verted to an implant dose by using previously-measured 
sfflcon-on-sapphire wafers. Table IV summarizes the calibration curves for the ion energy and species im- 
wavelengths at which the j =6 and j = 7 maxima occur planted into the wafer under consideration, 
as a function of dose. The sensitivity to low-dose Calibration curves are independently set up by mea- 
changes is about the same as it is for smcon-on-sapphire 20 surin ^ transmission ^ the selected wavelength of 
wafers. Thus, it will also be necessary to make transmis- several wafers footed with known doses of a given 
sion me^urements on polysmcon-on-quartz wafere tn ion Ttae k a cdihMtioil cutve for each ion 

the infrared in order to resolve dose changes of IX 10* t ^ of d 

cm- 2 , lc, to measure 1 X 10 12 cmr 2 dose implant urn- wavelengthT 

formity to ±1%. 25 7^ key to taking full advantage of the method ac- 

TAJBLE IV cording to the invention is choosing the appropriate 

wavelength of light at which transmission is measured. 
The wavelength must be one of those at which the rate 
30 of change of the transmissivity curve as a function of 
wavelength is a maximum. To a good approximation 
this may be taken as halfway between a maximum and a 
minimum in the transmission. The wavelength should 
also be chosen such that the transmission stays between 
„ the given maximum and the given minimum as the 
Measurement of the transmission spectra of im- transmissivity shifts for the implant dose of mterest The 
planted silicon^n-sapphire and polysihcon-on-quartz ^width of ue monochromator used must be suffi- 
wafers appears to be a ^pronusing implant dosimetry ^ narrow to see the interference fringes, e.g. typi- 
technique. By moving the wafer laterally with respect caUy 0.5 nm but no more than 1 nm. 
to the mcident hght (e g., with an x-y stepping motor R ' eferrmg now to the drawings wherein reference 
stoge), maps of implant uniformity should be possib e. ™ numends £ e ^ to designate parts throughout the 
The shift of the T(\) vs. \ curve to higher \ with in- « ™!L^™f ^™ ; c Lu,„ m vnn m « 

creasing implant dose can be measured by the shift in various figures thereof, there is shown in FIG 14, a 
^llw^ciiw, To ir^TaKip nnio ; Q K^t in hlock diagram of the apparatus used in the method of 

peak position, as shown in Table II. This is best done m . . fT . M , M - ;JJ ^ „, u - v. 

me infrared where peak shifts are the greatest How- * e mventl °* A wafer *0 on which has been generated 
ever,asaresultoft^ 45 a implanted ion test pattern ifa placed inthe hg^t path of 

wavelength also changes. These changes are most pro- a transition spectrophotometer between the mono- 
nounced on the steep parts of the spectra (see fflustra- ?* 0 ™*L U ^ p iT7/T if'n ^ ' 
tion in FIG 13). So, this measurement, which is easier 20 > 22 * m *" 2* f P^y-tomsnuttmg 

to perform when mapping wafers, is best done at visible mirror 26 are also ui the hght be^ to perform conven. 
wavelengths where the derivative dT/dX is the great- 50 twnal functions of forming # and sphttmg of the hght 
es^ beam. A light chopper 28 driven by a driver 30 is used 

The method of the invention then comprises deposit- to convert the DC signal from the primary detector 14 
ing a film of silicon or polysilicon thicker than the depth an AC signal. The monochromator 12 is illuminated 
of the implant to be mapped on a sapphire, quartz, of with a tungsten lamp 32 powered from a stabilized 
oxidized silicon wafer. The film coating must be uni- 55 power supply 34. A reference beam of light from the 
form in thickness and have a different index of refrac- mirror 26 is focussed on a reference detector 36 with a 
tion than the substrate. The substrate must be substan- lens 38. The signals from the primary detector 14 and 
tially transparent to the wavelength subsequently used the reference detector 36 are passed through preamplifi- 
to measure optical transmission. Examples would be ers 40 and 42, respectively, to a lock-in amplifier 44. 
silicon-on-sapphire or polysilicon-on-quartz. First, each 60 The lock-in amplifier 44 also receives the signal from 
wafer, whether used for calibration or dose measure- the driver 30. The signal output from the lock-in ampli- 
ment, is checked for uniformity of coating before ion fier is sent to a computer 46, having monitor 48, disc 
implantation with a film thickness monitor such as an drive 50 and printer 52. The computer is used to control 
ellipsometer or by measuring the transmission coeffici- the motorized translation stage 54 on which the wafer 
ent at a few points. If the coating is not uniform, either 65 10 is mounted. The computer is also used to perform the 
the wafer is discarded or the pre-implant transmission calculation for the conversion of measured transmission 
data is recorded so that it can be substrated from the coefficient to implanted dose, according to the inven- 
transmission map of the implanted wafer later. The tion. 
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x polysilicon-on-quartz 
wafer. 


Dose (cm" 2 ) 
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5 X 10 10 
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1 X 10" 
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I X 10 12 
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The improved sensitivity of the method according to 
the invention comes from taking advantage of the inter- 
ference phenomenon, which causes very rapid changes 
in the transmission spectrum as the wavelength or index 
of refraction is varied. None of the previous optical 5 
dosimetry work recognized or used this advantage. The 
index of refraction of photoresist, used in the prior art, 
is 1.6 while that of quartz is 1.46, so that reflectivity (see 
Eqn, 2) of the photoresist-on-quartz system is very small 
and the magnitude of the resulting interference oscilla- 
tions is also quite small (2-n r2-exp[— ad] from Eqn. 3), 
less than 1/10 of that of the method according to the 
invention. Also, the earlier silicon-on-sapphire work 
used a broad band of light wavelengths, thereby blur- 15 
ring the interference fringes together. 

The sensitivity of the method of the invention can be 
seen from the transmission of polysilicon-on-quartz at a 
film thickness of 550 nm at an appropriate wavelength, 
i.e. \-730 nm. Table V gives the transmission for three 20 
different doses, as taken from FIGS. 10-12. Current 
instrumentation can resolve transmission changes of 
0.01%, and so relative dose changes of 1% over the 
range 1 X 10 u to 1 X 10 12 / cm 2 can be measured. 

TABLE V 



10 



25 



Transmission at X 


= 730 nm. 


Dose (As+/cm 2 ) 


Transmission (%) 


5 X 10 w 


53 


1 X 10 11 


51 


1 x iou 


43 



30 



The method according to the invention also possesses 
several other versatile advantages. For example, the 
operating frequency can be chosen so that the transmis- 35 
sion actually increases as the dose increases. Also, the 
sensitivity could be further increased by using an optical 
multichannel analyzer to record the entire spectrum and 
then calculating the derivative of the curve at a selected 
wavelength where the second derivative is a maximum 40 
(near a maximum or minimum of transmission). Finally, 
working in a reflection mode would give the same inter- 
ference fringes, and thus good sensitivity, but would 
also allow oxidized silicon substrates to be used. Oxi- 45 
dized silicon substrates are close to real device wafers in 
many characteristics and are acceptable to ion im- 
planter users. 

This invention is not limited to the preferred embodi- 
ment and alternatives heretofore described, to which 50 
variations and improvements may be made including 
mechanically and electrically equivalent modifications 
to component parts, without departing from the scope 
of protection of the present patent and true spirit of the 
invention, the characteristics of which are summarized 55 
in the following claims. 

What is claimed is: 



1. A method of mapping ion dose uniformity, com- 
prising the steps: 

(a) scanning wafers having a thin film or polysilicon 
coated on a substrate made of optically transparent 
material while measuring the optical transmission 
spectrum, thereby calibrating wafers suitable for 
subsequent steps, 

(b) inserting in the ion implantation device to be 
mapped a wafer calibrated in step (a), 

(c) implanting an ion dose in said thin layer of 
polysilicon in a controlled pattern, 

(d) removing said wafer from said ion implantation 
device, 

(e) scanning the wafer while measuring the optical 
transmission spectrum of the implanted film using 
essentially monochromatic radiation and a detec- 
tion bandwidth of not more than 1 nm, and 

(f) calculating the dose distribution from the data of 
the optical transmission spectrum data, film thick- 
ness calibration data and calibration data from 
known ion implant doses. 

2. The method of claim 1 in which the substrate com- 
prises quartz. 

3. The method of claim 1 where step (e) is performed 
at a wavelength selected at a midpoint between a mini- 
mum and a maximum in the interference transmission 
spectrum of the wafer measured before ion implanta- 
tion. 

4. A method of mapping ion dose uniformity, com- 
prising the steps: 

(a) scanning wafers having a thin film of polysilicon 
coated on a substrate while measuring the optical 
reflection spectrum, thereby calibrating wafers 
suitable for subsequent steps, 

(b) inserting in the ion implantation device to be 
mapped a wafer calibrated in step (a), 

(c) implanting an ion dose in said thin layer of 
polysilicon in a controlled pattern, 

(d) removing said wafer from said ion implantation 
device, 

(e) scanning the wafer while measuring the optical 
reflection spectrum of the implanted film using 
essentially monochromatic radiation and a detec- 
tion bandwidth of not more than 1 nm, and 

(0 calculating dose distribution from the data of the 
optical reflection spectrum data, film thickness 
calibration data, and calibration data from known 
ion implant doses. 

5. The method of claim 4 in which the substrate com- 
prises a wafer of silicon coated with a thin layer of 
silicon dioxide. 

6. The method of claim 4 wherein step (e) is per- 
formed at a wavelength selected at a midpoint between 
a minimum and a maximum in the interference reflec- 
tion spectrum of the wafer measured before ion implan- 
tation. 
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